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Abstract

Purpose : This study aimed to enhance e-commerce customer segmentation and loyalty prediction by integrating machine learning (ML) 
with traditional statistical methods.

Design/Methodology/Approach : The research adopted a hybrid approach, utilizing k-means clustering for customer segmentation based 
on recency, frequency, and monetary values, followed by an XGBoost classifier application for loyalty prediction. The methodology 
involved analyzing actual e-commerce data and comparing results with established industry benchmarks.

Findings : The hybrid model demonstrated superior performance over conventional methods, evidenced by improved precision, recall, 
accuracy, and F1 scores in loyalty prediction, alongside higher silhouette scores and lower Davies–Bouldin indices for customer 
segmentation.

Practical Implications : The approach provided a more generalized, interpretable, and high-quality framework for e-commerce businesses 
to understand customer behavior and enhance retention strategies.

Originality/Value : The research contributed to the field by presenting a novel method that successfully combines ML and statistical 
analysis, offering a more effective solution for customer segmentation and loyalty prediction in e-commerce settings.
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he e-commerce industry in India is experiencing rapid growth, with market projections indicating a worth Tof $74.8 billion by 2031 (trade.gov, 2022). This sector is expected to grow the fastest within the                  
Asia-Pacific region, attracting significant investments from venture capitalists and corporate giants and 

anticipating 100% foreign direct investment (FDI) (Joshi & Achuthan, 2016). Consequently, e-commerce 
business models have garnered substantial interest among researchers and academicians (Dhote & Zahoor, 2017). 
To remain competitive in the face of escalating market competition and customer expectations, e-commerce 
companies must execute effective tactics to keep existing customers while attracting new ones (Nisar & 
Prabhakar, 2017). Two critical tasks that support these objectives are customer segmentation and loyalty 
prediction (Adelaar et al., 2004; Shobana et al., 2023). However, segmenting customers and predicting loyalty 
poses significant challenges due to the need to manage massive, high-dimensional, noisy, and dynamic data 
(Agrawal et al., 2023; Ahmed & Kumari, 2022). Current techniques primarily rely on traditional statistical 
methods or machine learning (ML) models (Andersson & Börjeson, 2023). Recency, frequency, monetary 
(RFM), k-means clustering, and logistic regression analysis are classic methods with performance limitations, 
such as the reliance on and need for feature engineering and over-sensitivity to outliers (Agrawal et al., 2023; 
Nisar & Prabhakar, 2017; Rahayu et al., 2022). ML models are not free from shortcomings; for instance, 
overfitting, model underfitting, and large volumes of labeled data are needed (Costa & Pedreira, 2023; Huyut & 
Üstündağ, 2022; Kumar et al., 2016; Kushwah et al., 2022).

We have suggested the use of hybrid methods like these but they do not present adequate frameworks 
addressing practically these deficiencies. For instance, Lee and Jiang (2021) merged supervised classification and 
unsupervised clustering, but the model needs further testing on other datasets. Concurrently, there is equally a gap 
in the perspective of developing methods that integrate prediction and segmentation in one system                             
(Ullah et al., 2023; Wu et al., 2022). As a result, it is possible to conclude that addressing this gap necessitates the 
development of a focused parameter-defining and multi-level customer segmentation method that employs both 
classic and sophisticated ML techniques.

This research aims to fill the gap by creating a hybrid method that combines statistical and ML techniques for   
e-commerce customer segmentation and loyalty prediction. Our proposed strategy has two main parts: customer 
segmentation using RFM values with k-means clustering and customer loyalty prediction using demographic and 
behavioral features with the XGBoost classifier. We use RFM values because they are widely recognized as 
important indicators of customer value in e-commerce. K-means clustering is chosen for its ability to efficiently 
process large datasets (Agrawal et al., 2023). The XGBoost classifier is selected for its scalability and reliability in 
handling large, non-linear, high-dimensional datasets (Hajek et al., 2023).

Our approach is evaluated against industry standard practices, demonstrating superior performance in 
accuracy, precision, recall, and F1-score for loyalty prediction, as well as higher silhouette scores and lower 
Davies–Bouldin indices for customer segmentation. We also provide insights into the characteristics of different 
customer segments and their loyalty levels. The structure of the paper includes related research, the proposed 
hybrid approach, experimental setup, results and discussions, implications, conclusion, and suggestions for 
further research. This research is particularly pertinent given current trends in e-commerce, where understanding 
customer behavior and boosting loyalty is critical for maintaining market growth and competition.

Related Work

In this section, we review recent methods for customer segmentation and loyalty prediction in e-commerce, 
focusing on studies conducted between 2010 and 2024. This review aims to highlight the most significant research 
and identify existing gaps.
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Customer Segmentation

One of the most crucial practices in marketing and e-commerce is customer segmentation, that is, the 
classification of customers into similar groups based on alike attributes or behaviors (Agrawal et al., 2023). There 
are segmentation techniques that include geographic, psychographic, behavioral, and demographic ones based on 
factors such as age, gender, income, location, lifestyle, personality quantity, frequency, and preferred products 
purchased.  

Customer segmentation periods include recency (how recently a person purchased a product), frequency    
(how frequently a person purchases a product), and monetary value (which includes the magnitude of the 
purchase). Customers are evaluated in terms of purchase frequency, the total amount spent, and the period since 
the last purchase (Jauhar et al., 2024; Wan et al., 2022). Customers are divided into needy and unprofitable or 
maintained and loyal groups based on their RFM scores (Wan et al., 2022).

K-means clustering is a method worth noting for all aspiring marketers interested in customer segmentation. In 
this example of unsupervised learning models, data consists of clusters that are built based on the similarity 
between the data points and the center point of the cluster (Agrawal et al., 2023; Tabuena et al., 2022; Wan                     
et al., 2022). K-means encompasses usage with other forms besides variables, such as RFM values and 
demographic variables. Aside from this, additional powerful techniques for consumer analysis include latent class 
analysis, self-organizing maps, and hierarchical clustering, to name a few. In as much as they meet their aim, all 
these approaches have disadvantages, such as high stability over time, high initialization sensitivity relations, and 
strong initialization relationship to outliers.

In response to previous remarks, some recent studies have discovered that ML approaches can be merged with 
classical models to improve segmentation performance. Lee and Jiang (2021) developed a method incorporating 
RFM and attitudinal factors that combine unsupervised clustering and supervised classification to ascertain 
customers' loyalty. Wu et al. (2022) advanced K-medoids enhancing by an adapted spare metric, penetration rate, 
improving the effectiveness and precision of customer segmentation.

Customer Loyalty Prediction

Predicting customer loyalty is important in appreciating loyal customers, enhancing verbal advertising, 
decreasing consumer distribution, or increasing purchase value per consumer over their lifetime (Heilman & 
Bowman, 2002). Recent studies have instead used different ML techniques to relate to loyalty. Prediction of 
customer loyalty is predominantly done using logistic regression. It predicts the presence of a binary dependent 
variable of “loyal” or “unloyal” with a dependent variable consisting of the independent variables (features) by 
applying a logistic curve (Myburg, 2023; Schapire, 2003). This technique can handle both categorical and 
numerical features. Decision trees are, without a doubt, the second-best option. They construct a represented 
figure in the shape of a tree where the nodes represent the features, the branches the features values, and the leaves 
are the class labels, which in this case can be loyal or not loyal (Huyut & Üstündağ, 2022; Kushwah et al., 2022). 
Decision trees can work with different feature types, as well as with missing data and outliers (Costa &                 
Pedreira, 2023).

Other approaches include neural networks, support vector machines, random forests, and gradient boosting.  
Advanced clustering and segmentation techniques have been investigated to improve customer loyalty 
prediction. Othayoth and Muthalagu (2022) used an agglomerative clustering algorithm, while Ullah et al. (2023) 
analyzed a large e-commerce dataset using RFMT (Recency, Frequency, Monetary, and Time) with k-means, 
Gaussian, and DBSCAN. Tiwari et al. (2018) used self-organizing maps to classify purchasing behavior and 
supervised learning strategies such as nearest neighbor and help vector devices.
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Research Gap

While numerous strategies for customer segmentation and loyalty prediction have been explored, there is a need 
for a strong, scalable hybrid technique that efficaciously integrates conventional and advanced ML techniques for 
complete customer segmentation and loyalty prediction. This paper pursuits to cope with this gap by presenting a 
hybrid technique combining statistical and ML techniques, in particular, the usage of RFM values with k-means 
clustering for segmentation and demographic and behavioral features with the XGBoost classifier for loyalty 
prediction.

Proposed Hybrid Approach

In this section, we go through the proposed hybrid methodology for e-commerce customer segmentation and 
loyalty prediction. Customer segmentation based on RFM criteria using K-means clustering and customer loyalty 
estimation based on demographic and behavioral characteristics using the XGBoost classifier are two main 
components of our framework. Figure 1 provides an overview of this approach, which shows the basic steps of 
customer segmentation.

Figure 1. Overview of the Proposed Hybrid Approach
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Customer Segmentation Based on RFM Values Using K-Means Clustering

The first part of our proposed framework involves clustering customers who will use K methods based on their 
RFM objectives. RFM values ​​are important indicators of customer value in e-commerce. Recency refers to the 
time since the last purchase, frequency refers to the quantity purchased in a particular period, and monetary values 
specify the total amount spent during that period and the cash value (Myburg, 2023; Wan et al., 2022). 

We calculate these values using the following assumptions.

Ä Recency : Current Date – Last purchased date.

Ä Frequency : The number of items ordered by the customer in the last 12 months.

Ä Money Value : The total amount of money the customer spends in the last 12 months.

These values ​​are normalized using min–max scaling to standardize from 0 to 1. Customers are then divided 
into K groups using K-means clustering, an effective unsupervised learning algorithm (Rizki et al., 2020). The 
elbow method suitable for large-scale cases, which involves comparing the sum of squared error (SSE) for 
different values ​​of K is used to determine the optimal number of clusters by identifying the point where the SSE 
curve bends sharply.

Customer Loyalty Prediction Based on Demographic and Behavioral Features Using XGBoost Classifier

The second component of our strategy utilizes the XGBoost classifier to predict customer loyalty based on 
demographic and behavioral characteristics (Hajek et al., 2023). Loyalty is defined as the likelihood of a customer 
making additional purchases within three months following their last purchase (Ajina, 2019). We use a binary 
indicator to determine whether or not a customer is loyal. Features studied include age, gender, location, product 
category, order frequency, order value, and order recency.

XGBoost, a powerful supervised learning algorithm, is used to estimate customer loyalty. XGBoost transforms 
several weak learners (decision trees) into a strong learner through an ensemble method that iteratively adds new 
trees to minimize a loss function (Chen et al., 2014). It is chosen for its scalability, accuracy, and ability to handle 
high-dimensional, non-linear data (Myburg, 2023). We assess the XGBoost classifier's performance using 10-fold 
cross-validation, employing accuracy, precision, recall, and F1-score as evaluation metrics. Comparisons are 
made with industry-standard techniques such as logistic regression, decision trees, neural networks, and support 
vector machines.

Research Methodology

This research adopts a quantitative approach, utilizing statistical and ML methods for data analysis. The study 
design involves the collection and analysis of a real-world e-commerce dataset from India containing customer 
orders from January 2019 to December 2022. The dataset included three files: list_of_orders.csv, which contains 
order ID, order date, and customer ID; order_details.csv, which includes order ID, product ID, and product 
category; and sales_target.csv which provides month-year combinations and sales target amounts. We employ a 
non-probability sampling technique, focusing on a sample frame of 9,514 customers who placed 50,617 orders 
across 10 product categories. This sampling method is chosen to capture a diverse and representative customer 
base within the Indian e-commerce market, ensuring the generalizability and applicability of our findings.

Data analysis is conducted using Python, leveraging libraries such as pandas for data manipulation,                 
scikit-learn for clustering, and XGBoost for classification. We ensure the reliability of the scales used through 
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internal consistency checks, with a focus on maintaining high-reliability values, specifically aiming for a 
Cronbach's alpha greater than 0.7 to ensure robust and reliable measurements. The analysis spans the period from 
January 2019 to February 2022 and focuses on the Indian e-commerce industry, providing valuable insights into 
customer segmentation and loyalty estimates in this particular geographical and market context.

Analysis and Results 

Customer Segmentation Based on RFM Values Using K-Means Clustering

At the beginning of our approach, we used K-means clustering to classify customers based on their RFM criteria. 
These parameters were calculated using the parameters shown in the section “Customer Segmentation Based on 

RFM Values Using K-Means Clustering” and normalized using min–max scaling. The optimal number of clusters 

was determined by the elbow method, which involves plotting the total squared error (SSE) against different 
values ​​of K and identifying the point where the curve turns sharply, as shown in Figure 2. The SSE curve bends 
sharply at K = 4, indicating that the four clusters are optimal.

Figure 2. Elbow Plot for K-Means Clustering

Table 1. Silhouette Score and Davies–Bouldin 
Index for K–Means Clustering with K = 4

K Silhouette Score Davies–Bouldin Index

1 0.37 1.15

2 0.41 1.12

3 0.42 0.95

4 0.45 0.87

5 0.43 0.91

6 0.41 0.98
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We then used K-means clustering with K = 4 for the segment customers. Clusters were assessed using the 
Silhouette score and the Davis–Boldin index. The Silhouette score, which ranges from –1 to 1, measures the 
similarity of the object to its category compared to other categories, with higher values ​​indicating better clustering 
(Singh et al., 2022; Xiao et al., 2017); The Davis–Boldin index measures the separation between groups, with very 
low standard clustering means (Thomas et al., 2013).

Table 1 presents the silhouette score and Davies–Bouldin index for K = 4, showing that the clustering achieved 
a high silhouette score and a low Davies–Bouldin index, indicating good segmentation.

We further analyzed the characteristics of each cluster based on their RFM values, as shown in Table 2.                 
Cluster 1 has the lowest recency, frequency, and monetary value; Cluster 2 has the highest values for these metrics; 
Cluster 3 has moderate values; and Cluster 4 has low recency but moderate frequency and monetary value.                 
Figure 3 illustrates the distribution of RFM values for each cluster. Based on these observations, we labeled the 
clusters as follows:

Ä Cluster 1 : Lost customers

Ä Cluster 2 : Loyal customers

Ä Cluster 3 : Regular customers

Ä Cluster 4 : New customers

Table 2. Descriptive Statistics of Each Cluster

Cluster Recency  Frequency  Monetary  Number of

   Value  Customers

Cluster 1 0.03 0.02 0.02 2,643

Cluster 2 0.95 0.71 0.83 1,586

Cluster 3 0.51 0.44 0.48 3,171

Cluster 4 0.24 0.21 0.23 2,114

Figure 3. Distribution of RFM Values for Each Cluster
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Customer Loyalty Prediction Based on Demographic and Behavioral Features Using XGBoost Classifier

The second stage of our approach involves predicting customer loyalty using the XGBoost classifier. Loyalty was 
defined as the likelihood of a customer making additional purchases within three months following their last 
purchase (Leninkumar, 2017), labeled as loyal or not loyal. We considered various demographic and behavioral 
features such as age, gender, location, product category, frequency of orders, order value, and recentness of orders.

XGBoost, a scalable and reliable supervised learning algorithm, was chosen for its ability to handle high-
dimensional data with non-linear relationships. We assessed the classifier's effectiveness using 10-fold cross-
validation and evaluation metrics such as accuracy, precision, recall, and F1-score. Table 3 shows that the 
XGBoost classifier beat other industry-standard techniques, such as logistic regression, decision trees, neural 
networks, and support vector machines, in all evaluation measures.

Figure 4 shows how we used XGBoost to determine the relevance of features. Order recency was the most 
crucial factor, followed by order frequency, order amount, product category, age, gender, location, sales target 
amount, product ID, and order ID. This indicates that recent and frequent purchases, higher spending, preferences 
for specific product categories, and certain demographic characteristics significantly contribute to customer 
loyalty.

Table 3. Performance of Different Methods for Customer Loyalty Prediction

Method Accuracy Precision Recall F1-score

Logistic regression 0.71 0.69 0.75 0.76

Decision tree 0.78 0.79 0.78 0.81

Neural network 0.81 0.83 0.79 0.82

Support vector machine 0.83 0.85 0.81 0.84

XGBoost classifier 0.85 0.86 0.83 0.85

Figure 4. Top 10 Features Ranked by Their Gain in XGBoost Classifier
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Implications

Managerial Implications

Our approach offers significant benefits for e-commerce businesses by providing deeper insights into customer 
behavior through segmentation based on RFM values and loyalty levels. This segmentation enables companies to 
tailor their pricing strategies, resource allocation, marketing campaigns, and product offerings to different market 
segments. Customized marketing strategies can be developed to target loyal customers with discounts and free 
shipping, engage regular customers with cross-selling opportunities, attract new customers with welcome emails 
and social proof, and re-engage lost customers with win-back offers. Predicting customer loyalty enables firms to 
improve retention and acquisition efforts, identify important clients, reduce churn, and increase 
recommendations, resulting in better-informed decision-making and optimized customer relationship 
management.

Theoretical Implications

Our hybrid approach, which combines k-means clustering and XGBoost classifier, contributes to the literature by 
demonstrating the effectiveness of combining statistical and ML techniques for customer segmentation and 
loyalty prediction. It outperforms other methods in accuracy, recall, precision, and F1-score for loyalty prediction 

and obtains a higher silhouette score and lower Davis–Bouldin index for customer segmentation, indicating better 

clustering quality. Furthermore, the XGBoost classifier's feature relevance ratings that have an impact on 
customer loyalty improve theoretical comprehension by identifying essential demographic and behavioral traits.

Policy Implications

Policymakers within e-commerce companies can utilize these insights for strategic resource allocation, directing 
sources greater efficiently to consumer segments primarily based on their cost and loyalty tiers. This involves 
growing focused marketing and customer engagement guidelines to focus efforts on segments with the highest 
potential for retention and growth. Establishing frameworks for non-stop performance assessment of customer 
segmentation and loyalty prediction models, incorporating clear metrics and feature importance insights can be 
vital. Furthermore, developing procedures for the ethical use and control of consumer information can protect 
privacy and compliance while also using data for improved business outcomes.

Conclusion

In this paper, we introduce a hybrid methodology for predicting customer loyalty and segmenting customers in           
e-commerce, where K-means clustering and XGBoost classifier are used. Integrating statistical and ML 
techniques, our method segments customers based on RFM criteria and loyalty through demographic and 
behavioral characteristics. We validated our approach by using a real-world Indian e-commerce dataset and 
benchmarking it against numerous industry standards. Our method shows good performance in terms of accuracy, 
precision, recall, and F1 scores for predicting loyalty and obtained high silhouette scores and low Davis–Bouldin 
indices for customer segmentation. We also provide insights into client segment quality and loyalty levels. This 
method provides several benefits to e-commerce businesses, including increased customer knowledge, the ability 
to tailor advertising campaigns and product offerings to specific segments, optimized resource allocation and 
pricing strategies, the identification of most valuable customers, multiplied word-of-mouth recommendations, 
lower churn costs, and improved decision-making and overall performance.
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Limitations of the Study 

Our hybrid approach faces numerous boundaries and challenges that need to be addressed in future research. First, 
our method relies on historical information to segment customers and to predict loyalty, but customer behavior 
and preferences may change over time because of various factors which include market trends, seasonality, and 
opposition. Therefore, our approach needs to be up to date, often with fresh records, to seize the dynamic nature of 
customer behavior and loyalty. Second, our technique uses a binary label (loyal or not loyal) to indicate customer 
loyalty primarily based on whether they made at least one buy in the three months following their latest buy.

This definition might not fully capture the nuances of customer satisfaction and retention. Customers who 
make a single buy in the following three months might not be as loyal as those who make numerous purchases 
during the same duration. Therefore, our approach calls for extra superior consumer loyalty metrics, inclusive of 
the net promoter score (NPS), consumer satisfaction score (CSAT), or customer effort score (CES). Third, our 
technique classifies customers primarily based on demographic and behavioral traits, but these functions will not 
fully constitute the variety of customer traits or behaviors. Features consisting of mental or emotional traits, 
together with persona trends, motivations, attitudes, and feelings, will not be pondered. Therefore, our approach 
should incorporate greater detailed features, which include sentiment analysis or psychographic functions.

Scope for Future Research

Future research could expand our hybrid technique by way of incorporating numerous key factors. Temporal 
characteristics, together with seasonality, fashion, and cycle, can be blanketed to seize the cyclical styles of 
customers. We will also include social capabilities such as network structure, influence dispersion, and word-of-
mouth impacts to better understand consumer interactions and their impact on purchasing decisions and brand 
loyalty. Contextual functions such as product availability, pricing modifications, and promotional activities will 
be used to capture external impacts on consumer behavior and loyalty. Future studies can also use text-mining 
techniques, such as subject matter modeling, sentiment analysis, and emotion evaluation, to extract meaningful 
data from unstructured text facts like product descriptions and consumer reviews. Furthermore, deep knowledge 
of techniques, such as convolutional neural networks, can be used to assess consumer happiness and discontent 
with services or products. We anticipate that our hybrid technique may provide a powerful foundation for client 
segmentation and e-commerce loyalty prediction while also motivating more research in this field.
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